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We experienced a rare case of a 2-year-old girl with an abdominal neuroblastoma who exhibited
radiographic evidence of tumor extension into the inferior vena cava and right atrium. Imaging studies
were suggestive of Wilms tumor; however, a histologic analysis revealed a diagnosis of neuroblastoma.
The patient underwent initial chemotherapy for the treatment of neuroblastoma and experienced no
embolic events. After ﬁve courses of chemotherapy followed by high-dose chemotherapy, the tumor
thrombus disappeared and resection of the primary tumor was achieved. Intravascular tumor thrombi of
neuroblastoma extending to the inferior vena cava and right atrium are extremely rare. The differential
diagnosis and treatment strategy of this condition are discussed.
 2013 Elsevier Inc. Open access under CC BY-NC-ND license. Neuroblastomas and Wilms tumors are the most common
abdominal solid tumors in children. The differential diagnosis of
these tumors should be made based on the ﬁndings of biopsies,
tumor markers and imaging such as ultrasonography and
computed tomographic scanning in order to facilitate clinical de-
cision making. Since some Wilms tumors present as large abdom-
inal masses with tumor thrombi in the inferior vena cava (IVC) on
imaging, most clinicians tend to consider this ﬁnding to be indic-
ative of Wilms tumors.
In patients with neuroblastomas, compression or obstruction of
the IVC by the abdominal masses are sometimes experienced.
However, intravascular tumor thrombi of neuroblastoma extending
to the IVC and right atrium (RA) mimicking Wilms tumors are
extremely rare. Only two abdominal neuroblastoma patients with
intracardiac extension have been reported. We herein describe the
case of a patient with a large abdominal neuroblastoma arising
from right adrenal gland with IVC and RA extension.
1. Case report
A 2-year-old girl was admitted to our hospital with sudden onset
of right abdominal pain. On physical examination, her vital signs
were within the normal limits; however, a right-sided abdominal
mass extending to the midline was palpated. The laboratoryþ81 6 6879 3759.
(S. Uehara).
-NC-ND license. ﬁndings included elevated levels of aspartate aminotransferase
(AST), lactate dehydrogenase (LDH) and neuron-speciﬁc enolase
(NSE) (944.4 ng/ml). Abdominal ultrasonography and enhanced
computed tomographic scanning revealed a large mass in the
retroperitoneal cavity mimicking an intrarenal tumor arising from
the superior pole of the right kidney (Fig. 1A). In addition, a round,
non-obstructing thrombus was present within the IVC extending to
the RA (Fig. 1B). A small amount of ascites was also detected,
suggesting rupture of the tumor. A small mass was detected in the
left lung ﬁeld. Ultrasonography clearly revealed the tumor
thrombus in the RA (Fig. 1C). Based on these images, the tumor was
initially considered to be a Stage 4Wilms tumor of the right kidney.
To conﬁrm the diagnosis, the patient underwent a biopsy of the
primary abdominal mass. Due to the risk of embolism from the
tumor and the IVC and RA, we immediately initiated chemotherapy
for the Wilms tumor with actinomycin-D- and vincristine-based
protocol of the Japan Wilms Tumor Study (JWiTS) Group regimen
with a continuous infusion of heparin. On the 6th day after the
biopsy, anemia suddenly developed and intratumoral hemorrhage
was suspected; therefore, the administration of heparin was dis-
continued. On the 12th day after the biopsy, it was conﬁrmed
that the urinary vanillylmandelic acid and homovanillic acid levels
were elevated to 14.5 mg/mg Cr (normal 1.2e4.9) and 100 mg/mg Cr
(normal 1.6e5.5), respectively. In addition, the central pathological
diagnosis of JWiTS turned out to be poorly differentiated neuro-
blastoma with an unfavorable histology according to the Shi-
mada classiﬁcation system. There was also an ampliﬁcation of the
MYCN gene. Therefore, we changed the protocol of chemotherapy
Fig. 1. Imaging studies performed on admission. A. Enhanced computed tomography
revealed a large mass (arrow, 9.5  9.8 cm) in the retroperitoneal cavity mimicking an
intrarenal tumor arising from the superior pole of the right kidney. B. A round, non-
obstructing thrombus was present within the inferior vena cava (IVC) extending to the
right atrium (RA) (arrow). C. Ultrasonography clearly revealed a tumor thrombus
extending to the RA (arrow).
Fig. 2. After three cycles of chemotherapy, the thrombus in the inferior vena cava and
the right atrium disappeared and the primary tumor decreased in size (arrow).
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the treatment of high-risk neuroblastoma. After three cycles of
chemotherapy, the thrombus in the IVC and RA disappeared
(Fig. 2). A second laparotomy was performed eight months after
admission. Complete resection of the primary tumor was safely
achieved, and no tumors were observed in the IVC intraoperatively.
Following the administration of high-dose chemotherapy with
autologous peripheral blood stem cell transplant rescue, the
patient has been doing well with no evidence of recurrent
neuroblastoma.
2. Discussion
Among pediatric solid malignancies, Wilms tumors are well
known to extend into the venous drainage resulting in tumor
thrombus formation. The prevalence of tumor thrombi in the
renal vein has been reported to be 11.3%, while extension into the
IVC or RA has been reported to occur in 4.1e8.1% of cases [1e3]. In
contrast, pediatric adrenal tumors with venous thrombi are
extremely rare. In our review of the English literature, we found
only nine case reports clearly describing pediatric abdominal
neuroblastomas with extension into the IVC [4e9]. Of these cases,
only two patients exhibited intracardiac extension [5,6]. Eight of
these nine cases were managed with initial chemotherapy, as
performed in our case, since neuroblastoma responds very well to
chemotherapy. However, in the remaining case, downsizing of
the primary tumor was not achieved and the patient underwent
surgical intervention for removal of the intracaval mass as well as
the primary tumor [9]. Therefore, cases of pediatric neuroblas-
toma presenting with intracaval and intracardiac tumor exten-
sion can be treated appropriately with initial chemotherapy
followed by surgical resection of the primary and extended tu-
mors. However, intracaval and intracardiac tumors may not
respond to initial chemotherapy, and surgery to remove the pri-
mary tumor and tumor extension should be considered in
exceptional cases.
Radiographic studies often indicate the diagnosis of Wilms tu-
mor or neuroblastoma; however, imaging studies may be
misleading, as we experienced in this case. Ultrasonography and
computed tomography (CT scan) frequently delineate the organ of
tumor origin; however, it is not always possible to distinguish the
site from which the tumor arose, and other radiographic features
such as the presence of calciﬁcation or IVC involvement should be
considered [8]. In addition, it can be very difﬁcult to distinguish the
tumor origin from the right upper retroperitoneal cavity, especially
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initially misdiagnosed the neuroblastoma as a Wilms tumor in this
case, even taking into consideration the radiographic features.
Furthermore, elevation of the serum level of NSE is not speciﬁc to
the presence of neuroblastoma and can be found in other pediatric
tumors [10]. However, looking back images carefully in this case,
the tumor had some typical features of neuroblastoma: celiac and
SMA encasement, as well as an invasive appearance of the mass on
the right kidney. These are rare for Wilms tumor but common for
neuroblastoma. The presence of intravascular thrombus while un-
common in neuroblastoma is seen in Wilms or renal origin tumors.
Therefore, it is strongly recommended to perform a biopsy of the
tumor before initiating treatment for making a correct diagnosis,
even when tumor-speciﬁc radiographic ﬁndings are detected on
imaging studies.
Although initial chemotherapy is usually started with knowl-
edge of the results of biopsies, it was difﬁcult to determine the
timing to start chemotherapy in our case. We considered the
patient’s condition to be an oncologic emergency due to the
presence of the tumor thrombus, which could have caused a life-
threatening event such as a pulmonary embolism, we initiated
chemotherapy for a Wilms tumor diagnosed on imaging studies
only. If the correct diagnosis had been made based on the levels of
tumor markers (urinary VMA and HVA) or histology before
starting initial chemotherapy, the appropriate protocol for the
treatment of neuroblastoma could have been selected from the
start of treatment. Furthermore, the risk of pulmonary embolic
events should be evaluated and the use of prophylactic anti-
coagulation should be considered when patients with neuro-
blastomas with IVC involvement begin cytotoxic therapy [8].
However, although no embolic complications were observed in
this case, intratumoral hemorrhage occurred 6 days following the
initiation of chemotherapy with anticoagulation therapy. Since
tumors may become necrotic due to chemotherapy and tumor
hemorrhage can easily occur, anticoagulants associated with
chemotherapy for the treatment of large tumors should be care-
fully administered.
Recent advanced studies have shown that matrix metal-
loproteinases, especially MMP14, contribute to the development of
vascular invasion [11]. It may therefore be quite interesting to
perform a detailed genetic or protein expression analysis of tumors
with either unusual behaviors or intravascular extension in neu-
roblastoma as seen in our case. Further chromosomal and genetic
analyses which have provided great assistance with prognostica-
tion and treatment algorithms may thus be helpful to better char-
acterize this tumor.3. Conclusion
We herein experienced a rare pediatric case of an abdominal
neuroblastomawith radiographic evidence of tumor extension into
the IVC and RA. The diagnosis and treatment strategies including
surgical indication should be carefully considered for the manage-
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